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CHAPTER 6

AERIAL DISTRIBUTION LINES

6-1 General.
Aerial lines will be provided in all areas as
established in chapter 5. In order to use the same
poles for both aerial distribution and roadway
lighting and to avoid interference with possible
future projects, consideration will be given to
installing pole lines adjacent to roadways.

a. Symbols and codes. For uniformity, symbols
will comply with ANSI Y32.9. Installation will
comply with the requirements of the NESC for
Grade B construction and the NEC as required.
The loading district will be that applying to the
location of the installation as required by the
NESC. Where state safety rules are predominantly
accepted, such rules may be used provided they
are at least as stringent as those of the NESC.

b. Circuit configurations. Typical circuit configu-
rations and details are provided later in this
chapter as a general guide in the design. In
addition, publications of the Rural Electrification
Administration (REA) will be helpful.

c. Other conditions. Service conditions are cov-
ered in chapter 1. Special items such as overhead
grounding conductors, grounding, and surge pro-
tection are covered in chapter 9. Other conditions
will follow the guidelines established by the
NESC, the REA, or the local utility as applicable.

6-2. Installation Considerations.

Design of span lengths for aerial lines will be
based on such factors as conductor sizes, conductor
loadings (conductor weight, wind loading, and ice
loading), and load density. Rural area design will
be predicated on the most economical span length
for the terrain, NESC loading area, conductor size
and strength, functional use, and the requirements
of joint-use communication lines. Designs for areas
such as military base housing, administration,
maintenance, and support areas will consider area
functional use, span length for the terrain, NESC
loading area, conductor size and strength, and the
requirements of joint-use communication lines,
street and area lighting. Distribution criteria for
ammunition plant or process facilities will be
based on all of the above and include the require-
ments of AMCR-385-100. No more than two
medium-voltage circuits will be installed on one
pole. Switches to facilitate the transfer of load will
be provided where circuitry makes this provision
economically justifiable. Pole line configuration

will include provisions for raptor protection in
accordance with Federal and state laws. Consult
REA Bulletin 61-10, “Protection of Bald and
Golden Eagles from Powerlines.” The requirement
for wooden cross-arm braces should be verified for
each state and land area in accordance with the
Bald Eagle Protection Act of 1940 (16 U.S.C. 688
et seq.) as amended; the Endangered Species Act of
1973 (87 Stat. 1064); and Migratory Bird Treaty of
1918 (16 U.S.C. 703 et seq.) as amended. Sources
include the Bureau of Land Management, U.S.
Department of the Interior and Federal, state and
local land management or wildlife conservation
agencies.

6-3. Conductors.

a. Sizes. Where possible, conductor sizes will be
limited to a maximum of No. 4/0 AWG copper or
equivalent aluminum. Conductor sizes above No.
4/0 AWG copper or equivalent aluminum will be
justified by an economic analysis of the alterna-
tives (such as additional circuits or a higher
distribution or sub-transmission voltage). The eco-
nomical minimum conductor size for circuits serv-
ing administrative, support and housing areas is
No. 2 AWG hard down copper or equivalent
aluminum. For small, isolated loads a minimum
size of No. 6 AWG copper or equivalent aluminum
will be used.

b. Material. Aluminum conductor steel rein-
forced (ACSR), aluminum alloys, or hard-drawn
copper (CU) may be used for medium-voltage lines.
Low-voltage conductors may be of aluminum alloys
with ACSR messengers or of copper. However, the
selection of copper or aluminum will be justified
based upon an analysis using life, environmental,
and cost factors.

(1) Type of aluminum alloys. In their stan-
dards and data publications, the Aluminum Asso-
ciation recognizes three alloys of aluminum as
suitable for electric conductors. All-aluminum-
conductors, formerly known as hard-drawn alumi-
num or EC grade are now designated as alloy
1350-H19 and the acronym to be used will be
AAC. This alloy with a 61 percent copper conduc-
tivity is not a preferred type because of the alloy’s
low inherent tensile strength. The intermediate
strength (5005-H19), alloy will not be used since
the conductivity is only one percent greater than
the high-strength alloy. The high-strength
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6201-T81 (acronym AAAC) alloy with a 52.5
percent copper conductivity is often used as a
substitute for ACSR where problems of corrosion
have resulted because of the combination of both
aluminum and steel in ACSR conductors.

(2) Use of other conductors. Special conductors
such as copper-clad steel may be used where the
application warrants. Conductor selection, where
corrosive or salt-laden atmospheres are encoun-
tered, may require investigation. The determina-
tion of acceptable conductors for special atmo-
spheres will be based on evaluations which will
consider local utility practices. Table 6-1 indicates

physical properties of conductors for commonly
used materials.

c. Conductor insulation. Most medium-voltage
conductor installations use bare conductors. Where
the use of insulated cable has been justified for
medium-voltage lines, the insulation will conform
to the requirements applying to underground con-
ductors covered in chapter 7. Messenger wire
composition and weatherproof covering, for low-
voltage lines will be in accordance with applicable
ICEA/NEMA requirements.

d. Sags and tensions. The maximum tension in
a span is limited by the strength of the wire and

Table 6-1. Conductors Materials-Physical Properties.
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its supporting elements. The NESC permits con-
ductor sags, such that for ice and wind loadings
applying, the tension of the conductor must not
exceed 60 percent of the conductor’s rated break-
ing strength. Also, the tension at 60 degrees F (15
degrees C), without external load, will not exceed
35 percent of the initial unloaded tension and 25
percent of the final unloaded tension. In the case
of conductors having a triangular cross section,
such as cables composed of three wires, the final
unloaded tension at 60 degrees F (15 degrees C)
will not exceed 30 percent of the rated breaking
strength of the conductor. Refer to the NESC for
specific and detailed requirements regarding the
application of aerial distribution lines. Both under
normal and maximum ice and wind conditions,
any conductor will not be loaded beyond limits of
safety. In some areas, it may be common practice
to reduce the maximum loaded tension to 40
percent or less.

(1) Initial sags. Typical initial stringing sags
are given in table 6-2 for various conductor
materials, sizes, and loading districts for a
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200-foot span, since this is a commonly used
ruling span. For other ruling spans, manufacturers
will be consulted. A ruling span is an assumed
“design span” that assures average tension
throughout a line of nonuniform span lengths
between deadends and can be calculated exactly by
the following equation where S is distance be-
tween spans, from 1 span up to n spans. The large
variations in temperatures, wind, and ice condi-
tions encountered at various military installations
makes it extremely important that conductors be
properly sagged. The copper-equivalent sizes, given
in table 6-2, are based generally on assuming that
aluminum conductors two sizes larger than copper
are equivalent in ampacity. To sag conductors
properly, the conductor manufacturer’s published
data must be used.

(eq 6-1)

(2) Final sags and tensions. The final loaded
tension data shown in table 6-3 indicates final

Table 6-2. Initial Stringing Sags for 200-Foot Spans.
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loaded tensions and sags for conductors which
were initially strung to the sags of table 6-2. Sags
are a maximum at the indicated loading condi-
tions. Tensions will be less at higher temperatures
when wind and ice loads do not apply (final
unloaded conditions).

(3) Unusual loading conditions. The NESC
stipulates loading and installation requirements
for normal conditions, as shown in table 6-3;
however, many areas will be subjected to climatic
conditions much more severe than those listed, in
resepct to both wind and ice loads. In these
instances, a complete analysis will be required to
determine acceptable sagging versus strength. An
example of an aerial conductor strength analysis is
given in figure 6-1. Pole line analyses will be
provided and will show calculations for pole
strengths, guying, span length, and sags. This type
of calculation requires making an assumption (in
this case that conductor sag equal 2.06 feet) and
then checking the validity of the assumption,

which can be tedious and time-consuming. Conduc-
tor manufacturers have computer programs which
have been developed to perform these calculations.
The assumed value of 2.06 feet of sag and 3,350
pounds tension are different from the values given
in table 6-3 where the values listed are 2.4 feet of
sag and 2,870 pounds tension. The variation re-
sults because of elastic creep; however, the varia-
tion in values of about 15 percent, in this case,
provides a more conservative design or an addi-
tional safety factor.

e. Conductors for Air Force installations.
(1) Minor extensions to systems using copper

conductors shall be made with copper.
(2) Major extensions to existing systems and

new systems shall be of bare hard drawn copper,
aluminum, or steel reinforced aluminum.

(3) Self-supporting aerial cable with insulated
cable lashed to the neutral messenger or individ-
ual insulated cables supported from the messenger
with insulated spacers may be utilized if approved
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Figure 6-1. An Example of an Aerial Conductor Strength Analysis.
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by the Host Command coordinated with the Re-
quiring Command (HOST/REQ CMD).

(4) Aluminum conductors shall be terminated
in compression type lugs or connectors filled with
a high temperature oxide inhibitor compound.

6-4. Poles.

a. Types. Solid wood poles will be used for
electric distribution lines, while concrete and steel
poles will be used for roadway or area lighting
circuits carried underground or separately from
distribution lines. Concrete or steel poles may be
justified for medium-voltage distribution circuits
where wood poles do not provide adequate
strength, or where climatic conditions cause wood
poles to deteriorate rapidly. Laminated wood poles
will not be used for electric distribution lines.
However, in some instances the surrounding envi-
ronment may make their installation appropriate
for roadway and area lighting applications.

(1) Wood poles. Solid wood poles are covered
by ANSI 05.1. Pole strengths are designated by
classes 1 through 10 for normal strengths and H1
through H6 for higher strengths. These classes
establish pole circumference limitations for each
class and species of wood.

(2) Concrete poles. Normal reinforced concrete
poles are not strong enough for the wind and ice
loads which prevail in some areas. Either centrifu-
gally spun or cast, prestressed concrete poles are
acceptable, but special pole design, based on calcu-
lations of pole loads, will be necessary to assure
adequate strength. Where strength requirements
dictate excessive concrete pole diameters, steel
poles will be used.

(3) Tapered tubular metal poles. Galvanized
steel poles are covered by AASHTO LTS-2, but no
classes are given. Aluminum poles are not accept-
able, since corrosion may be a problem and alumi-
num poles do not provide adequate strength.

b. Lengths and strengths. Pole lengths will be
selected conservatively, making allowance for the
installation of communication lines and the re-
quired pole setting depth. Communication space
will include allowance for telephone lines, and
may include allowance for fire alarm, television, or
other signal circuits as required. If at the time of
design, exact requirements cannot be determined,
a 2-foot space allocation is ample and will be
provided on all poles even though present plans do
not include telephone lines. Longer poles will be
provided in areas where the future installation of
additional electric circuits and equipment can be
reasonably expected. Pole strengths will meet the
NESC requirements for grade “B” construction for
the applicable loading district. Since the normal
maintenance activity does not have the financial
or personnel capabilities of a utility, it may be
necessary to use pole strengths greater than code
minimums. Table 6-4 indicates pole lengths and
classes (strengths) which are considered the mini-
mum for normal use. Poles less than 40 feet in
length, or classes 6 through 10, will not be
installed for medium-voltage lines. The required
pole embedment is dependent upon the loading
district and upon soil conditions. A pole length and
strength calculation is shown on figure 6-2.

c. Pole-setting depths. In normal firm ground,
minimum pole-setting depths will be as shown in
table 6-5. In rocky or swampy soil, pole-setting
depths will be decreased or increased accordingly.

Table 6-4. Minimum Primary Wood Pole Lengths and Classes

Length
feet

4 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Class

4 or 5
3 or 4
2 or 3

Table 6-5. Minimum Pole-Setting Depth.
(Feet and Inches)

Pole Straight
Length Pole
(Feet) Lines

20 5-0
25 5-6
30 5-6
35 6-0
40 6-0
45 6-6
50 7-0
55 7-6
60 8-0

Curves,
Corners, and

Points of
Extra Strain

5-0
5-6
5-6
6-0
6-6
7-0
7-6
8-0
8-6

Pole Straight
Length Pole
(feet) Lines

65 8-6
70 9-0
75 9-6
80 10-0
85 10-6
90 11-0
95 11-6
100 12-0

Curves,
Corners, and

Points of
Extra Strain

9-0
9-6
10-0
10-6
11-0
11-6
12-0
12-6
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6-5. Circuit Configurations.

Preferred and alternate configurations for tangent
construction are shown on figure 6-2. Also shown
on this figure are methods of mounting overhead
ground wires and locations for primary neutrals
when required. Insulation shown on the figures in
this chapter is for a nominal 15 kV class.

a. Medium-voltage circuit configurations. Arm-
less and crossarm mounting, shown in figures 6-3
and 6-4 respectively, are both used for open
conductors. REA Bulletin 61-12 provides addi-
tional details on armless construction. Triangular
tangent construction requires the least pole space
and is the most economical. Where such a configu-
ration is not suitable, because of special require-
ments such as the need for an overhead ground
wire, vertical tangent construction will be pro-
vided. Requirements for overhead ground wires
are covered in chapter 9. Crossarm construction as
shown on figure 6-4 will be limited to equipment
installations, or where use of armless construction
would result in excessive pole heights. However,
other technical considerations, such as a line with
many taps, crossings, or overhead-to-underground
transitions, may impact the decision. Also, armless
construction requires bucket trucks for mainte-
nance due to loss of climbing space.

(1) Angles at which guying is required. Guy-
ing requirements for other than in-line circuits are
dependent upon the angle of deviation, the size of
the conductor, and the loading district. REA pole
details show guys for angles of deviation greater
than two degrees on armless construction configu-
rations, regardless of conductor size or loading.
Local practice may permit larger angles for
smaller conductors or vertical construction, but
any pole where the angle of deviation of the line
exceeds five degrees will be guyed. This require-
ment applies both to armless and crossarm con-
struction.

(2) Angles at which changes in configurations
apply. The degree to which the more rigid line-post
or pin type insulator support can be used will also
vary dependent upon the angle of deviation and
the size of the conductor. Suspension insulators
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can be used for any angle, but are a more
expensive installation; therefore, their use will be
required only when the line-post or pin type is
unsuitable. Normal angles for armless configura-
tions are shown on figure 6-3 and are in agree-
ment with REA pole detail drawings. Table 6-6
indicates normal angles for crossarm configura-
tions related to conductor size.

b. Low-voltage circuit configurations. Low-
voltage circuits will be supported by clamping the
bare neutral conductor of a neutral-supported sec-
ondary aerial cable to a spool/clevis insulator
assembly as shown on figure 6-5 or by use of spool
insulators on secondary racks supporting insulated
phase and neutral conductors. Because of both the
space requirements and the unattractive appear-
ance, phase conductors supported on secondary
racks will be limited to special circumstances.

6-6. Insulators.

The operating performance of aerial lines is depen-
dent upon the quality of the line insulators.
Insulators will be of the wet process porcelain
type; the only presently acceptable alternative in
an appropriate situation is toughened glass, which
is an industry standard only for suspension insula-
tors. Glass is much more susceptible to shattering
than porcelain; so where vandalism is a problem,
glass will not be permitted. Polymer insulators
have some advantages such as light weight and
resistance to vandalism; once industry standards
are issued, use of polymer units may be consid-
ered. Insulators need to provide ample mechanical
strength for the expected ice and wind loads and
must be capable of withstanding the stresses of
lightning and switching surges without damage to
the insulators. Operating stresses are increased
under atmospheric conditions which causes pollu-
tants to build up on the insulator surface. Various
types of insulators are manufactured to meet
requirements imposed by different applications.
Each type is industry rated by ANSI in classes
which establish dimensions and minimum electri-
cal and mechanical performance values.

a. Types. Pin-type, line-post, or suspension insu-
lators will be used for medium-voltage circuits;

Table 6-6. Relation of Crossarm Configuration to Conductor Size.”

aCredit: US Corps of Engineers. Angles “A”, “B”, and “C” are shown on figure 6-3.
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PLAN

ELEVATION

PREFERRED CONFIGURATION

PLAN

ELEVATION

ALTERNATE CONFlGURATlON

US Army Corps of Engineers

Figure 6-2. Tangent Construction Configurations.
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TRIANGULAR
TANGENT AND MINOR ANGLE

VERTICAL
TANGENT AND MINOR ANGLE

‘L’ CORNER

US Army Corps of Engineers

‘T'- CORNER ‘X’ CONNECTION

INTERMEDIATE ANGLE

Figure 6-3. Armless Configurations.
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TANGENT MINOR ANGLE INTERMEDIATE ANGLE

'L' ANGLE ‘T’ CORNER 'X' CONNECTION

US Army Corps of Engineers

Figure 6-4. Crossarm Configurations.
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TANGENT

"T" CORNER

US Army Corps of Engineers

MAJOR ANGLE

MINOR ANGLE

“X" CONNECTION
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"L" CORNER

Note: A maximum of two service
drops connected at same point
are permitted and drops shall
be attached so they are in a
straight line.

SERVICE DROP

Figure 6-5. Neutral-Supported Secondary Cable Configurations.
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spool insulators for low-voltage circuits; and strain
insulators for insulating guy wires. In crossarm
construction, pin insulators may be used as a
designer’s option, but line-post insulators are supe-
rior in operation to corresponding pin types since
line-post units are stronger, more resistant to
vandalism, and inherently more radio-interference-
free.

b. Classes. Selection of the class used is depen-
dent upon operating voltage, strength require-
ments, and the degree of atmospheric pollution.
Long periods without rain to wash off insulator
contamination tend to aggravate the pollutant
buildup problem. Selection of suitable insulator
ratings will be based on local practice. Where lines
are to be constructed on existing Government
installations, that installation’s experience or that
of the serving utility will determine the insulation
level used.

c. Dimensions. Figure 6-6 indicates dimensional
ranges of insulators used. ANSI suspension
Classes 52-3 and 52-4 have the same electrical,
mechanical, and overall dimensions; but Class
52-3 has a ball-and-socket connection and Class
52-4 has a clevis eye connection. Selection of the
type of connection provided is a matter of designer
preference. Line-post insulators shown are either
tie-top or clamp-top. The only difference between
Class 57-1 and Class 57-11 is that Class 57-1
denotes a tie-top and Class 57-11 denotes a clamp-
top. Tie-tops can be used for angles up to two
degrees and clamp-tops are necessary for angles
greater than fifteen degrees. For angles of three
degrees to fifteen degrees, choice will be dependent
upon mounting and loading requirements. Tie-top
units are less expensive in cost, but a clamp-top
eliminates both material and labor costs for the tie
wire thus providing ease of installation. Where
horizontal mounting is required there is, at
present, no ANSI class; specifications therefore
will indicate electrical, mechanical, and overall
dimensions are the same as for the appropriate 57
subclass. Insulators with short studs (S) are used
on armless configurations; those with long studs
(L) are used on wood crossarm configurations.

d. Colors. Insulator colors available are brown
and light gray. Light gray insulators will be used;
however, in wooded areas or where lines are seen
principally against hillside or tree-covered back-
grounds, the brown glaze may provide a more
acceptable appearance.

6-7. Guying.

Particular care will be taken to ensure that all
points of strain in the pole lines are adequately
guyed. Improperly or inadequately guyed lines
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soon begin to sag, degrading the reliability of the
line as well as creating as unsightly installation
and increased maintenance.

a. Components. A guy installation consists of
various components as follows:

(1) Guy wire (strand). The strength of a guy
installation is a function of the guy wire, the
anchor, and the soil type. The rated breaking
strength of the guy wire determines the require-
ments for all other components. Wire of either
three or seven strands will be used. Each strand
consists of a steel core having a protective coating
of zinc, copper, or aluminum. Zinc coatings are
available in standard ASTM coating weights. A
Class A coating weight is half of a Class B coating
weight and a third of a Class C coating weight.
The coating weight used is dependent upon atmo-
spheric corrosion with Class A used in dry or
desert areas with little industrial contamination,
Class C used in salt-laden or foggy areas or
heavily contaminated locations, and Class B used
elsewhere. Rated breaking strength used will be
not less than 6,000 (6M) pounds. No more than two
strengths of guys should be used for any one
project. All guys will be sized for the maximum
loading tension of the line.

(2) Grounded guys. Conductive poles such as
steel or concrete, poles with overhead grounding
conductors, and poles with guys connected to pri-
mary neutrals are considered grounded, since in-
sertion of guy strain insulators does not isolate
any portion of the pole from the ground.

(a) Connection to primary neutrals. For some
installations, connection of primary neutrals to
guys can improve secondary equipment protection.
A detailed discussion of why this improvement is
effected is given in REA Bulletin 83-1 which also
covers the influence of such grounding on anchor
rod corrosion. For other installations, such a con-
nection may not meet local code requirements or
will not be possible when the installation does not
have a primary neutral system.

(b) Anchor corrosion. Corrosion can be a
problem in systems that have primary neutrals
interconnected with grounded guys when such
systems are installed in areas having a low soil
resistivity and a low ratio of buried steel to buried
copper. In such cases, anchor rods and grounding
electrodes will be of the same composition, either
both of galvanized steel or both of copper-clad
steel. The first installation is less expensive, but
also provides more resistance. Choice of the anchor
composition will be based on soil composition,
resistivity, and corrosion properties. In highly
corrosive soil conditions, anchor life has been
extended by installing guy strain insulators in the
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SUSPENSION. CLASS 52-2

SUSPENSION. CLASS 52-3

SPOOL, CLASS 53-2

SPOOL, CLASS 53-5

US Army Corps of Engineers

WY STRAIN, CLASS 54-1

GUY STRAIN CUSS 54-4

PIN, CLASS 55-3

LINE POST, CLASS 57-1S

LINE POST, CLASS 57-2L

PIN, CLASS 56-4

LINE POST, CLASS 57-13

LINE POST
SIMILAR TO CUSS 57-14

Figure 6-6. Ranges of Insulator Dimensions.
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guy wires. This isolates the anchor from the
copper grounding systems installed at the poles.
Furthermore, sacrificial magnesium anodes at-
tached to the anchors may be cost effective.

(c) Grounding conductors and guy wires.
Grounding conductors will always be copper re-
gardless of the type of electrodes used. Guy wires
will be of the same composition as electrodes and
will be bonded to the hardware grounding conduc-
tor with approved clamps.

(3) Nongrounded guys. Where guy strain insu-
lators are installed in a guy, to provide sectionaliz-
ing of grounded portions from nongrounded por-
tions, that guy is considered ungrounded. Strain
insulators will be provided in all guys on wood-
poles, except where grounded guys are required or
where local code requires sectionalizing in higher
voltage lines.

(a) Strain insulator location. Insulators will
be located in accordance with the NESC and so
that in the event a guy wire is broken, the
uninsulated upper portion of the guy wire cannot
swing to any point less than eight feet above the
ground. Insulators will be located at least six feet
horizontally from the pole, which will provide
separation between a lineman and the grounded
guy wire segment. Where guy wires pass through
line conductors or can fall on line conductors,

additional insulators may be required.
(b) Strain insulator ratings. Ratings and

strengths of insulators will be suitable for the
circuit insulated. Since the maximum available
ANSI guy strain insulator strength is 20,000
(20M) pounds this requirement could limit non-
grounded guy strengths to 20M and may require
two or more downguys if more than a 20,000
pound pull is necessary. Stronger insulators, which
are not ANSI listed, may be used also.

(4) Anchors. The type of anchor used must
provide suitable resistance to uplift and therefore
is dependent upon soil conditions. Table 6-7 indi-
cates suitable anchor types based on a range of
soils from hard to soft. While the soil descriptions
are not an industry standard, manufacturers are
familiar with this or similar classifications. For
the majority of cases, the most suitable anchor is
an expanding type as shown on figure 6-7, be-
cause most lines are installed in ordinary soils.
Strengths for available sizes of expanding anchors
are also shown on figure 6-7. Rock or swamp
anchors are described in manufacturer’s catalogs.
In the past, log anchors consisting of 8-inch to
12-inch diameter by 4-foot to 5-foot long creoso-
ted logs, have been used in marshy soil. Since log
anchors tend to rot, no matter how well creosoted
or otherwise treated, their use is prohibited. Ex-
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panding anchors, with extra long anchor rods
reaching firm underlying soil, may be acceptable
in some cases. Multihelix screw anchors can also
be installed in swampy soils when this type of
anchor can provide the required holding power.
Three-eye thimbles will be provided on all anchor
rods. This permits use of individual down guys for
primary, secondary, and communication circuits
and anchors must provide adequate strength to
support all of these loads.

(5) Rod assemblies. Rod assemblies must meet
ANSI C135.2 tensile loading tests. A 5/8-inch
diameter rod is rated at about 16,000 pounds
breaking strength, a 3/4-inch diameter rod is
rated at about 23,000 pounds, and a l-inch diame-
ter rod is rated at about 36,000 pounds, but some
manufacturers offer a 3/4-inch diameter rod rated

Ratingsa

Holding
power

in
ordinary

soil
pounds

Minimum
anchor
area

square
inches

Minimum Minimum
rod rod

diameter length
inches feet

aFrom REA Bulletin 43-5.

Note: Projection of anchor rods above grade may be
increased to a maximum of 12 inches in planting
beds or other locations where necessary to
prevent burying the eye.

US Army Corps of Engineers

Figure 6-7. Expanding Anchor Details.
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at 25,000 pounds and a l-inch diameter rod rated
at 40,000 pounds.

(6) Guy markers. The purpose of guy markers
is to provide a substantial and conspicuous indica-
tion to pedestrians that an impediment to passage
exists. Markers should be yellow to provide the
greatest visibility, unless gray or other finishes
are approved for the installation.

b. Installation. Guys are installed to balance
line tensions and are therefore appropriate where
lines begin, end, or where lines change direction.

(1) Types. Most installations utilize down
guys, wherein the guy wire is led away from the
pole at a 45 degree angle down to an anchor. Since
this configuration can interfere with traffic, span
or sidewalk guys may be necessary to shorten guy
leads. Head guys will be provided at heavily
loaded corners to reduce tension in a corner span
and strain on the corner pole. Dead-end guys will
be provided in long straight lines at not less than
every 2,500 feet to limit the effects from line
breaks. Storm guys will be provided in long
straight lines at not less than every 5,000 feet to
reinforce lines against storm effects. Various types
of guys are shown schematically on figure 6-8.
Figure 6-9 shows down and span guy require-
ments in more detail. Although several guys are
shown on the down guy detail, a single guy is
permissible when adequate holding strength is
provided.

(2) Guy lead angle and strength requirements.
A lead angle (lead) is the angle that a guy wire
makes with the center line of the pole. As can be
seen on figure 6-10, the greater the lead angle the
larger the horizontal component and thus the
lower the minimum breaking strength needed to
provide the necessary holding capacity to balance
conductor tension. However, for down guys, the
greater the lead angle the more the guy interferes
with other use of the space. Lead angles from 45
degrees (optimum) to 15 degrees (minimum) will be
used to balance conductor tensions of 70 to 25
percent of the guy wire minimum rated breaking
strength. Where clearances over pedestrian areas
require sidewalk guys, the holding capacity will be
greatly decreased because there is a bending mo-
ment on the pole at strut height; therefore, side-
walk guys will be installed only when no other
method is feasible or the conductor tension is
minimal. A computation for in-line guy strength
requirements is shown on figure 6-10. Figure 6-11
gives an example of a pole strength analysis.

(3) Bisect angle guys versus in-line guys. The
maximum permitted angle of line deviation for a
single angle guy installation (one guy installed on
the bisect of line angle) is 45 degrees. For greater
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angles, a down guy installation in line with each
direction of pull is required.

6-8. Miscellaneous Items.
a. Pole line hardware. Hardware will be of a

type specifically developed for pole line installa-
tion in accordance with industry standards. All
steel or wrought iron hardware will be hot-dip
galvanized as specified in ANSI C135.1.

b. Aerial line connector hardware. Copper line
connector hardware will be of copper alloys and
aluminum line connector hardware will be of
aluminum or aluminum-lined alloys. Since bolted
line connectors aggravates the cold-flow tendencies
of aluminum conductors and cause maintenance
problems, other types of connections such as com-
pression type will be used.

c. Crossarms. Laminated wood, synthetic mate-
rials, and channel iron brackets are occasionally
used for equipment crossarm type supports; how-
ever, it is only for unusual installations that the
use of anything other than solid wood crossarms
can be justified. Flat braces will be specified for

8-foot crossarms and angle braces for lo-foot
crossarms to agree with REA construction. An
angle brace is also required on 8-foot arms where
conductors having a breaking strength of more
than 4500 pounds. Extreme loading conditions
may also warrant the extra cost of the stronger
angle brace under other circumstances. Metal cross-
arm braces will reduce the effective BIL rating of
the pole. In high lightning areas specify fiberglass
braces.

d. Riser poles. Conduits on riser poles should be
equipped with bushings to protect cables where
they exit the conduit and to minimize water entry.

e. Fuse cutouts. Selection of fuse cutout duty
will be based on the voltage of the circuit and the
continuous and interrupting current ratings neces-
sary for equipment or feeder protection. Ratings
for fuses, fuse cutouts, and fuse links will comply
with IEEE Stds C37.42, C37.46, and C37.47. En-
closed fuse cutouts are available only for 5.2 kV
and 7.8 kV ratings, but not for ultra heavy duty
applications. Open fuse cutouts are available for
ratings of 7.8 kV and higher.

US Army Corps of Engineers

Figure 6-8. Types of Guy Installations
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S P A N  G U Y

US Army Corps of Engineers

Figure 6-9. Guy Details.
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USING VALUES BELOW

IN FORMULAS BELOW

APPLY NESC FACTORS

Required guy strength = (P) x (Overload) ÷ (Safety) (10-5)

EXAMPLE

Given: Three No. 1 AWG copper-equivalent ACSR conductors installed in a light
loading district in a vertical configuration with the guy connected
at a lead angle of 45" and at the same height as the center conductor.

Then: Tc = 1,480 pounds a given in table 6-3 (10-1)

T = 3 x 1,480 pounds = 4,440 pounds (10-2)

P = 4,440 pounds ÷ 0.707 = 6,280 pounds (10-4)

Required guy strength = (6.280 x 1.5) ÷ 0.9 = 10,466 pounds (10-5)

Use: 3/8 inch, 7 strand, utilities grade, zinc-coated, steel strand
with a minimum breaking strength of 11,500 pounds (ASTM A 475)

aCourtesy of Keller & Gannon

Figure 6-10. An Example of an In-Line Guy Strength Analysis.
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USING VALUES BELOW IN FORMULAS BELOW

Dc = Conductor diameter (in)

Dn = Conductor plus NESC additional ice thickness
requirement (in)

W = NESC wind pressure requirement (lb/ft2)

L  =  Length  o f  po le  spacing  ( f t )

N = Number of conductors at same height above grade

Hc = Height of conductor above grade (ft)

Mc = Bending moment at base of pole from conductor
( f t - l b )

P t = Wind pressure on pole at the topa

Pg = Wind pressure on pole at the grounda

C t = Circumference of pole at top (in)

Cg = Circumference of pole at grade (in)

Ht = Height of top of pole above grade (ft)

Mp = Bending moment at base of pole from wind on
p o l e  ( f t - l b )

Sm = Section modulus at base of pole (in3)

O f = Overload factor from NESC table 261-3

Fs =  Fiber  s tress  in  po le  ( lb / in 2 )

EXAMPLE FOR HEAVY LOADING DISTRICT

a
Lb per foot of circumferences

b Courtesy  of Keller & Gannon

Figure 6-11. An Example of a Pole Strength Analysis.
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6-9. Air Force Installations.

a. Reclosers and sectionalizers. Reclosers and
sectionalizers shall be fully rated and coordinated.
Electronically controlled reclosers are preferred
over hydraulically controlled ones. Reclosers may
utilize vacuum or oil as the interrupting medium.
Sectionalizers shall be automatic loadbreak, man-
ual recock, and installed only as an integral part
of the system protection scheme. They should not
be installed for switching purposes only. Stirrups
should be installed as appropriate to prevent dam-
age to main conductors at junction poles.

b. Radio interference. Where suppression of ra-
dio interference is critical, special considerations
shall be given to contacts between current carry-

ing conductors of dissimilar metals. The need for
an interference-free environment may also necessi-
tate the use of insulators coated or treated for
radio noise suppression. Valve-type lightning ar-
rester often cause radio interference and their use
should be avoided. If required to suppress radio
interference, utilize underground construction with
transformers and equipment installed in grounded
metal enclosures. High intensity discharge (HIS)
lamps are also sources of high radio interference
while filament lamps and low pressure sodium
lamps are basically free of radio noise.

c. Arresters. Distribution class is preferred; con-
sideration should be given to gapless types such as
zinc oxide, metal oxide varistor (MOV).
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